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Most risk analyses begin by considering the

behavior of the lowest and most detailed level of
all possible events that can be identified in the
system under study. Next, risk estimates are
made for each event-consequence relatiorship
and aggregated upward to obtain a total risk
estimate of the process under study. The
aggregation process propagates the errors
contained in the detailed risk analyses, and often
resdts in risk estimates whose etror ranges are
too wide to provide wsefu ingformation. An
alternative approach starts at the highest level
of the problem, and identifies the crucial
decisions, decision makers, alternativs and
parameters. Agreements regarding specific
decisions and subsequent actions are sought at
the beg’mning, and Mvhat i®? situations and
conflicts are i *gned in_case agreement cannot
be reached. The*Wwhat iff situations provide the
framework for more detailed and focused studies
in critical areas. A variety of analy<es, such as a
localized version of the bottom up ..sk analysis
approach and sensitivity analysis, focus on these
open ended cases to resolve them., Unresdvable
decision conflicts indude value judgments which
risk analysis cannot solve; however, by making
these conflicts visible, the focus on differences
such as these can often force resolution at a
higher management level.
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Several definitions shoud be provided as a basis
for discussion:

Definitions

Rislc The downside of a gamhle; the potential
for harm.

Bottom-up Risk Analysiss Taking each event
that can occur in a system and analyzing the
pathways leading to the range of possible
corsequences, and aggregating these over the
total spectrun of events and their associated
probabilities.

Top-down RIisk Analysis Determining the
critical parameters of a decision and fordng the
underlying factors among alternative cholces to
bacome visible and understandable.

Joint Approach: Using a top-down approach to
scope a problem and specific bottom-up
approaches to provide quantification where
needed.

In order to illustrate these approaches, a

hazardous waste disposal example. is provided.
Two different cases are shown because they each
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flustrate the methodologies, as well as represent
actual cases.

Bottom-Up Risk Approach For A Haxzrdous

Material Site

Consider an inactive waste disposal site owned
by a coroporation, which is suddenly suspected of
containing previowsly unidentified hazardous
wastes (as defined by the Resource Conservation
and Recovery Act of 1976 (RCRA)). The case
under consideration is an actual case which has
been modified for ws2 as an illistration here.
Identifying the case is not important, nor are the
condwsions drawn necessarily valid for the
particdar case in question,

An old, uncontrolled disposal site on a farm in
the midwestern United States, consisting of an
unlined pit in which an estimated 150 drums of
waste material were buried around 1970, was
brought to the attention of EPA. EPA
performed a two-week field study .from which
they determined that the wastes came from a
company-owned hexachorophene manufacturing
process and which contained 2,37,8
tetrachiorodbenzo-p-dioxin (TCDD) as well as
other materials, such as trichiorophend (TCP)
and ethyleneglycol. Bore hdes were taken to
determine leakage, and the disposal pit was
partially excavated, uncovering 13 drums --some
empty, others ranging from near empty to ful.
Samples confirmed the presenice of TCDD from
29 mg/kg (ppm) to 100 mg/kg of materials in the
barrels and soils. Based on the fidd
investigation, excavation, and resuts of the
sampling, the EPA further conduded that
immediate actlon was necessary to protect
human health and the environment. This decision
necessitated the development of a short-term
response program to minimize and/or prevent
the reease of contaminants from the site until a
method permanendy ameliorating the hazard
coud be implemented. An immediate and
temporary maasure was taken by the EPA. The
disposal trench was capped with an impermeable
membrane. Surface water was diverted from the
site. At this point, EPA contracted with an
independent contractor to undertake a three-
month study to determine how to deal with the
problem. This study will be used to illustrate the
process,

The objective of the study was to dean up the
site or, at least, to ensure 1t woud not impose
risks to the public. As a resut of the initial
study, it became evident that no methods were
presently available for final treatment or
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disposal which met even minimun criteria.
Several methods were in the experimental stage,
but several years woud be needed to
demonstrate their capability. As a resut, the
fdlowing condusions were established:

a. There is no method for final
disposition at the present time;

b. Temporary storage is required until
suitable final disposal methods are
available,

Four general alternatives were considered:

1. Leave buried;

2. Leave buried, but install and
maintain a ground water monitoring
system;

3. Excavate and store material on-site
in a newly (to be) constructed
temporary repository;

4. Excavate and transport drums via
truck to an alternate disposal site
(and store).

The contractor then attempted to develop the
criteria required for each remaining alternative.
Not unexpectedy, the risk determination caused
the most significant problem:

"The major hazard to human
health due to the wastes at
the site is assumed to be the
toxidity of dioxin (TCDD)
for simplidty, only this
hazard is considered. AN
"exposure" is consldered to
occur whenever a person
comes directly in contact
with TCDD in high enough
concentrations that the dose
of TCDD to his body exceeds
an assuyned safe level, which
is taken to be 1 part per
trillion (ppt) of body weight.
The level of effect, that is,
severlty of heal th
impairment, produced in the
exposed person by this dose
of TCDD cannot easiy be
predicted, and therefore, the
person is counted as
potentlally subject to some

adverse health effect.
Depending on the actual

magnitude of the dose, which
In tun depends on time
duration of the contact and
other pharm acol ogi cal
factors, the actual leve of
effect suffered may range
from a mid and probebly
reversible case of chioracme
to cancer of the liver.

In order for exposure to
TCDD from the trench at the
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site to occur, a certain
amount of TCDD must
escape from the trench,
spread from the site via some
physical environmental
pathway and utimately enter
the human body directly. An
effort has been made to
systmatically corsider all
possible pathways and to
identify those  exposure
scenarios which are most
credible ]for four alternative
actions.”

At this point, the contractor made two
assunptions upon which his analysis was based:
(1) since human risk to TCDD cannot be"
quantitatively determined, any exposure has
negative impact and that impact is simply
measwable by counting the nunber of people
potentially exposed to any amount of TCDD
from the site, and, (2) the probability of
exposure scenarios and the number of people
potentially exposed coud be estimated.

Table | sunmarizes the scenarios which were
considered, the estimated probability of
occurrence and the maximum number of people
exposed, as well as approximate costs of each
alternative over five years. The exposure
estimates are worst-case estimates. Table 2
sunmarizes the data, and shows the resuts of
the expected risk computations in the last three
columnrs, i.t, the maximun nunber of people
exposed multiplied by the probability of
occurrence of possible events. Alternative 3,
the most expensive, turns out to have the lowest
expected risk, but only by a wvery small
difference at the third significant figure. The
rest of the report delineates the design criteria
necessary for a facility to satisfy this
al ternative. It is obviously not the cost-effective
alternative; but, is it the lowest risk alternative?
Since both the probability and consequence
estimates were only very rough estimates, the
resuts of this approach do not provide wvery
satisfactory answers.

The difflcuty with this approach is that all the
errors aggregate along with the basic data; since
they are large and, to great extent,
multiplicative, they dominate the analysis. This
same kind of problem exists in all bottom up
analyses, espedially those using faut and event
tree approaches to probabil istic risk anal ysis.

Top-Down Analysis For A Hazardous Waste
Decision

One cannot do a total, In-depth top-down or
bottom-up risk analysis for the same problem —
at least In the cases studied thus far. If a
bottom-up analysis has already been done, the
top-down analysis looks like second guessing
(after all the data has been gathered). In reallty
this happens; in fact, the analysis undertaken
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TABLE 1
MABBREVIATED SUMHARY OF CREDIBLE EXPOSURE SCEMARIOS

EsTiMaTes of
Poosapie ITY OF

Exposige Scenario _Dcciprence
A, SINKHOLE - CONTENTS OF 0.01

150 DRUMS TO GROUND WATER
B, No SINKHOLE - GRADUAL LEAK TO

GROUND WATER 0.9
2. Leave BwRIED A, MONITORING SYSTEMS WORKS FOR 0.98
rl'xf"o'léx&cwﬂlmm BOTH CASES ABOVE
GROUND mﬁ%,%) B. SYSTEM FAILS 0.3
3. [EXCAVATE AD STORE ON A, CoMMON ACCIDENT 0.20
stte ($2,500,000) B, TORNADO STRIKES DURING OPERATION 3y 10
C. LEACH OF RESIDUALS AFTER REMOVAL 95
D. SINKHOLE EFFECT ON RESIDUALS 0.04
E. KORKER CONTAMINATED BY HUMAN 0.025
FAILURE
4, ExcAVATE AND TRANSPORT A, SAME AS A-E ABOVE FOR ALTERMATIVE 3
($1,500,000) B. TRUCK ACCIDENT ON ROAD 3.5x 10” 7
3.5x 107

. TRUCK ACCIDENT AT FACILITY

TABLE 2
SUTHRY OF ESTIMATED RISKS

Maximm Nuveer oF
EEW e me

1,48
poP,~U,3 MILES OF SITE

19
poP.~1.2 MILES OF SITE

0

379 ~ SINKHOLE
119 - Leak

2 - 3 worKERS'
0

0

o7

40 woRKERS
120 oFF-sITE

1 - 2 worKkERS
10 workers

MAXIMM AND AVERAGE MIBERS CF PEDPLE EXPOSED TO DANGEROUS COHCENTRATIONS OF TCID

DURING SHOR? TCRM CURING LONG YERN .
Warkers Public Workers Pblic Tote!l Total Comb1ned
Alte ¥ /] (] o sits off sita oneite off aite on3ite off eite  Tptal expeeurey
1, Loeve turied 0 s max 0 19 wex 0 1216 ove 1216 ove
14.46 ove 107.1C ave
2. Instell & meintein o groundweter [ ] 3 am 0 19 am 0 53.7 sw $3.7 ow
soniteting systes 0.13 ove $3.55 ove
3. Excevete & stere maloriel 43 am 170 s [ ] 6] ma
" oile © 10,6 ave 3w 2.7 sw 20 ave .7 aw 4.3 ave
4. Cwcovote ¢ tronepart drums vie 4% o 190 am 0 67 aex
2.7 ove 0 eve 1.7 ove 40.7 ave

truck 1o Symton facility i

Yerors, Mo,

1.0 ove 3 ove

o “Averoge® 10 1t aaximm nusber sultiplied by the sstinaled prahebility of eceurcencei ooe Teble $-2
b 'Dengereus® mere high enough to leed to & dmee of 1 ppt or grester in the sverspe humen bedy; i1n drinking weter, Thie

theoshold concentrotion 16 0.035 ppb.
o "Thert tere® msore ducing susavel ien peried, wereuinstely | senth,

@ "Lorg tore® moere groster then t yusr (ssownes me other future ections sre tehen which leed to
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above was reanalyzed by an informal top-down
analysis, which led to the rejection of the chosen
alternative and the adoption of a totally
different strategy. However, this woud not
serve to introduce the top-down approach. In
cases where a top-down approach is initially
undertaken, there is no need to gather all the
‘data and then do a bottom-up analysis. Thus, the
case presented here is merely to introduce and
illustrate the top-down approach, not to compare
the two methods.

This case involves a large chemical company
which produces hazardous waste, and which must
find the means to dispose of these wastes in
order to keep their primary production processes
in operation. Neither the Environmenta
Drotection Agency (EPA), nor local authorities
with jurisdiction over land fills and land farms,
have issued new commercial hazardous waste
site permits for several years. The existing
capacity, as it is used up by the large number of
waste disposers, can resdt in large cost
escalations for using the remaining capacity.
Moreover, liability for failuwe of hazardous
waste facilities, under the Resource
Conservation and R covery Act (RCRA), make

TRBLE 3

all participants in a site liable for environmental
and health impacts for disposal system failures,
regardless of how much and what kind of waste a
particdar disposing organization committed to
the disposal site. Other details will be brought
out in the discussion.

Top-Down Risk Analysis Procedure

Tahle 3 lists the procedural steps necessary to
undertake a top-down risk analysis and Figure 1
provides a diagrammic view of this process.
Each step will be explained in reference to the
above-mentioned problem.

Step 1: ldentify a Minimum Set of Critical
Variables — Initially, five critical variahles
were identified: regulatory climate for
obtaining permits, cost, cnvironmental
.damage and liability, work stoppage and
strike potential, and transportation. The
last two were found to be of lesser
importance, and were omitted in the
minimization process.

Step 2: Provide Gross Scales for these
Variables -- Scales of high, medium and
low were wsed, and the meaning of
each dassiflcation is shown In
Appendix 1, but sunmarized in Table

Step 3: Generate a Set of Scenarios from
the %om bination of the Intersections of the
Variable Conditions -- There are three
variables, each with three levels of value,
leading to 27 separate scenarios.

TOP-DOWN RISK ANALYSIS
PROCEDURAL STEPS

1. [IDENTIFY A MINIMUM SET OF CRITICAL VARIABLES

2. PROVIDE GROSS SCALES FOR THESE VARIASLES

3. GENERATE A SET OF COMBINATION SCENARIOS OF THE INTERSECTIONS OF THE VARIABLE CONDITIONS

4. DEVELOP A SET OF ALTERNATIVE STRATEGIES FOR SOLUTION AND A PROBLEM STRUCTURE
o 5. IDENTIFY THE CRITICAL DECISION MAKERS
6. HAVE EAcH (OR GROUP OF) DECISION-MAKER DETERMINE H1S CHOICE OF ALTERNATIVES
: FOR EACH SCENARIO OR NEEDED INFORMATION TO MAKE A CHOICE
7. IDENTIFY SCENARIOS IN WHICH DECISION-MAKERS:

A, ALL AGREE AS TO SELECTION OF ALTERNATIVES
B. HAVE IRRESOLVABLE CONFLICTS
4 ‘ C. REQUIRE FURTHER INFORMAT ION

8, FIND MEANS TO RESOLVE CONFLICTS, IF POSSIBLE. [F NOT, STOP
9, SPECIFY AND CONDUCT REQUIRED STUDIES TO OBTAIN REQUIRED INFORMATION

- .

‘ @ WHAT INFORMATION
@ LEVEL OF PRECISION REQUIRED
! @ DECISION POINT = IF KNOWN
10, ANALYZE THE RESWLTS




SCENARIO PROBABILITIES

IF KNONNL
o AGREEMENTS

Key DECISION
VARIABLES QuTCOME SCENARIOS
. [NFORMATION NEEDS

CoNFLICT _ CoNFLICT
RESOLUTION

ALTERNATIVE

SOLUTIONS
!
(]
1
L]
1
ANALYSIS
I
!
Fiowe 1. DIAGRAMIC VIEW OF TOP-DOWN RISK ANALYSIS PROCESS: ;
H
i
I
i
TABLE 4 :
SUMMARY OF SCENARIOS '
SCENARIO OWNERSHIP TECHNOLOGY [
1. Aa,d Company T i
2. A, Company UND (Cost vs Liability Study) I
3. A.a,iii Company LF i
4, B3, Company HT f
5. B,a,ii Company UND (Cost vs. Liability Study) i
6. B,a,ii1 Company LF ‘
7. C,a,d Company HT ]
B. C,a,ii Company KT |
9. C,a,iil Company HT )
i
10. A, Company (Cost vs. Liability Study) "
n. A, il off-site LF i
12. A dii off-site L ‘ i
13. Ab,i Company UND (Cost vs. Liability Study)
14, Ab, i1 Company LF |
15. Ab,iil Company LF
16. B,b,i Company UND (Cost vs. Liability Study) '
17. B,b,ii Company LF
18. B,b,iii Undeciced LF
19. B,c,i Company UND i
20, B,c,11 off-site LF '
21. 8,¢,ih off-site LF :
22. C,b,d Cempany/Off-site HT/LF | Difficult to get permit
23, C,b,ii off-site LF ;
24. C.b,ii Off-site LF vs. ]
il
25. C,c\i Value of continuity ]
26. C,c,ii |
27. C,c,iii |
!
|
i
|
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This combinational problem requires that the
number of assigned variables and values be kept
low. Scenarios were developed for each
combination, for which three were trivial and
eliminated. The scenarios are short descriptions
of the outcome, and only two are reported here
to provide illustration -- the rest are not
induded here because of lack of space. Note,
that at this step, likelihoods of occurrence have
not been assigned to the scenarios.

Scenario I: Optimistic _Regulatory
Climate, High Cost Escalation, High
Environmental Impact - Aa,i

The reguatory system has stabilized and
permits are obtained with reasonable
effort. However, existing capacity for the
next five to 10 years is inadequate, causing
contractors to raise disposal costs at very
high levels of escalation. Moreover, the
management of these facilities has been
less than adequate, and major site leaks
can be expected to occur at one or more
sites involving wastes which may not be
the company's, but which are, nevertheless,
indistinguishable. Thus, the c»mpany coud
share in liabilities resuting in temporary
and/or permanent dosure. The fact that
permits are easy to get that, in the long
run, competition will make adequate
capacity eavailable at reasonable costs.
The timing of such availability in the
proper locations is a key issue which must
be compared to the amortization perlod for
any company-owned facility. In either
case, the potential for high environmental
impact by land fill makes the high
technology operation attractive on its own.

Critical Factors:

- Years to high capacity, competltive
contractors availability vs,
amortization period of high
technalogy Investment.

- Cost escalation factor and estimate
of potential llability vs. cost of Hgﬁ

technology alternative.
Scenarlo 21 Optimistic Regulator
ate, High Cost Escalation, Medun
Environmental Impact - Aa )

This scenario Is similar to Scenario I,
except that the environmental Impact and
attendant llabillty is greaty reduced. The
high cost escalation In the short run makes
contractor ownership unattractive and tne
company can obtain permits for their own
land ills.

Critical Factors:

- Increased cost of high technology
operation vs. land {ills must be

L

compared to cost escalation factors
and potential " liability of medium
environmental impact.

The company ownership decision is
also dependent on the years to high
capacity, and competitive
rontractors availability vs. the
amortization period.

Step 4: Develop a Set of Alternative
Strategies for Saution and a Problem
Structure -- The following three
alternative strategies have been proposed:

I.  High Technology Facility - HT
On-site
Objective: Maximize destruction of
waste
Incinerator and other processes
Minimum land disposal
High investment
Company owned ~nd cperated

2 Oft-Site Disposal (current) - LF Off-
site
Land intensjve
Off-site
Land farming -- land fill
Low investment
Contracted

3. Company Land-based System - LF
Company-owned
Land intensjve
On-site
Company operated and owned
Incinerate some wastes

The problem is basically a sequence of two
decisions pus some contingency
alternatives in the face of uncertainty in
several critical, uncontrolled states of the
regulatory environment.

Decision Level One: Use contractor
waste faciities or develop and
operate company-owned facilities,

Decision Level Twor If the company

velopg and operates Its own
faclllty, shoud It be a land fill
operation or a high technology
operation?

Contingency Alternatives

I.  Level One: Contractor Facilit
~3Shoud the company develop a
land fill site for we as a
contingency if  contractor

operations are to be
Interrrupted?

2 Levl Twx Com owned
Land FI Ggai'on — How
t

many su €3 are there, and




where should they be located?

3, Level Two: Company-owned
High Technalogy Operation --
Vl_t;lat idnd of techndogy,
capicity, and iocation iy
required?  Should remaining
land fill needs be fulfilled by
the company on-site, by a
contractor, or by some
combination of these?

This decision problem is iliustrated in
Figure 2. It shoud be noted that Level |
and Level 2 decisions are not totally
decoupled since the cost of technalogy, and
its performance capability at Level 2,
affects the choice of Leve |, ie., the
choice between contractor or company
ownership.

Level 2 Land
.‘l::n::lﬁ
::::mlogy

Ounershlp 1
Company. Coupling of

Environmental
Department

Environmental
requirements
and relations
with Federal,
state and
local agencies

Legal Department Liability
and legal
ramifications

Risk Analysis Team
for conducting
the analysis
and making
day-to-day
decisions

Number and
Location
of Sitss

Vg
f

Righ Technology
, Lleval ) Oparstion

<

level 1 and 2

Contracter

Figuwe 3 Tree structure of the dactsion predlem,

Step J: Identify the Decision Makers -
Thece are many decision makers, but the
division manager will make the {lnal
judgment. The array of decision-makers
are as follows:

Final decision
responsibility

Dlvision Manager

Production Management Need for
continuity
of capacity

Design of
on-site waste
facilities

and hazardous
waste stream
identification

Engineering
Management

fype of
Technolegy
and Coat

Ownership of

Land Tills ._—..O
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Step 6: Have each (or group of) decision
maker determine his choice of alternatives
for each scenarlo or the Information
required In order to make a cholce. The
resuits of this effort are shown In Table &
for each of the 27 scenarlos. Each
scenarlo Is assigned a number in calumn |,
identified by the coded combinations as
shown in cadumn 2. Calumn 3 shows the
ownership declsion, column & the
technology decision or Information
required to make the decision.

S 7:  ldentify Scenarios in which

on-Makers: (a) all agree as to the
sdection of alternatives; ®) have
Irresolvable value conflicts; (c) require
further Information. In this case, no
corflicting situations were found which
could not be resal ved; however, two studies
(a cost vs. liabillty study and permit
difficuty vs. value of continuity study)

Team responsibie
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were identified for the undecided cases,
UMD, for the technalogy decision. The one
undecided case for the ownership decision
is only for landfills and Is a lower level
decisicn.

S 8: Find Means to Resolve Value
Conflicts — There were no value conflicts
which coud not be resolved in order to
select the preferred alternative for a given
scenario, except for the outcome of the
two studies to be conducted. Some
unresolvable confiicts can be eliminated if
the probablity for a scenario, where a
confiict exists, is so iow as to be of little
concern. The probability of a scenario
depends upon the joint probability of each
value for each scale. Approximate
probability classes are usually adequate for
this purpose as long as the participants in
making assignments understand and agree
on the meaning of such assignments
{(precision of the scale), although the
choice of values.may differ (accuracy of
the measurement). Classes and probability
values might be assigned as follows:

Value Probability Probability
Assignment Range Vaiue
Used
High 0.3-1.00 0.9
Moderate 0.2-0.8 0.5
Low 0.0i-0.2 0.1

Very Low Less than 0.1 0.0%

The joint probability of the values of the
critical parameters are found Dby
multiplying the three values together, one
for each parameter, to obtaln the
probability of the scenario. Probabilities
less than one in a thousand, with respect to
the highest probability scenario, might be
corsidered insignificant (it the
consequences are catastrophic even, lower
probabilities should be considered). Notes
In the top-down approach, this is the only
method in which probabilities are used,
ie., the probability of a scenario
occurring.

If unrescivable value confiicts survive at
this stage, no further technical studies will
ald In resalving the confiict. A decision
invalving political power is the only way to
resalve such issues.

S 9: Specify and Conduct Studies to

n Required Information -~ Two
studies, described in Step 7, must be
specified, and then carried out. In each
case, the required information must be
identitied, as well as the jevel of precision
of the required information, and the
decision point, if it is known.
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Cost vs. Liability Study — Since the high
technology option involves higher capital
and operating costs than the [owest
technolgy options, these costs must be
offset by a significant reduction in
liability. It  was determined that
engineering estimates for capital and
operating costs only had to be precise to
one significant figure, and that time
discounting of money flow was not
required. The cost estimates for contractor
facilities are already provided in the
parameter scales (shown in Appendix 1).
Using similar cases and trends, the legal
department made estimates of possible
ievels of liability for a range of impacts
for each alternative. These estimates
were only necessary to an order of

magnitude of one significant figwe for -

very large sums of money. In addition, the
legal department made a relative risk
estimate of the likeihood of liability
ciaims from each alternative to about one
order of magnitude, No decision points
were developed for this study, except to
express the scarcity of capital funds.

Difficulty of Getting a Permit vs. Value of
Continuity Study — This was a two-part
study aimed at how long the production
operation coud run if no iand {ill capacity
was available, and what short term fixes
coud be undertaken, such as Interim
permits or special appeals. These studies
were strategic, rather than tactical, and

were, except for the production run time
to shutdown, qualitative in nature,

Step i0: Analyze the Resuts — The
results of these studies are then added to
the analysis. The format for the results of
the cost vs. ilability study is shown in
Table 5. This is then wsed to perform an
indifference analysis as shown In Table 6.
This indifference analysis shows the
probability balance point where the actual
estimate of probability of scenario
occurrence is compared, ieadng to a
choice of one scenario over the other. The
indifference probability is the calcuated
decision point as opposed to the specified
decizion point (if it is specified a priori).

In addition, the relative iikelihood of costs
and libilities can be found, as shown in
Table 7. Note that the numeric results of
the analysis are not given, since the actual
values used were proprietary. A similar,
but abbreviated analysis, was conducted
for the second, yet qualitative study.

All the surviving scenarios are then
grouped by the three alternatives, and the
sum of the probabilities of the scenarios
ieading to each alternative is deternined.




This is the probability of selecting that
alternative and having made the right
decision. A "what if" analysis, as hown in
Table 8, can then be used to determine the
cost of being wrong. The decision is made
by maximizing the correctness and
minimizing the cost of being wrong. A
dominant solution is one whose probability

TABLE 5

ANALYSIS §

of being correct is higher and whose cost
of being wrong is lower than another
alternative, which is dominant. For the
case invalving mutiple  dominant
strategies, the propensity for risk of the
decision maker can be considered in terms
of minimax or maximin choices.

COSTS AND ENVIRONMENTAL LIABILITY

. COST
ALTERNATIVES PROJECTIONS
High Mod
Company - Land Fill C:u t:“z
Company - Land Farm c2l Cn
Company - Incinerator t:,l Cn
Contractor - Land £l Ca Ce2

Low

h
)}
Sy

Cu

High

la

PROBABILITY
SIZE OF OF ENVIRONMENTAL
LIABILITY DAMAGE
Mod Low
L2 L)y P
i tn P
Ly, Ly Py
L Ly Py

Cests and Liabilities are Over the Operating Life of the Failities - Liadilities Can Extend Further.

TRL 5

STEP 1 InDIFgERENCE AvaLvsis ] (conTinuep)

Py 13 THE PROBABILITY OF DAMAGE CLAIMS UF A CONFRACTOR LANDFILL OVER 1TS LiFg, Wg DO NOT
KNOW THE VALUE OF Py EXACTLY. WE DO HAVE SOME ESTIMATES OF RELATIVE RISK OF THE OTHER OPTIONS

IN RELATION TO Py, I.E.,

PR APy

o Rl |

3 A3

L Bl LT T

L Bl L L Tl T
P3 = AjAgATey® APy

THE INDIFFERENCE PROBABILITY 1S FOUND BY TAKING ANY YWO OPTIONS AND

Al 1S THE RELATIVE 1MPROVEMEWT IN RELIABILITY DUE

TO COMPANY TOTAL CONTROL OVER A LAND FILL.

A2 1S THE RELATIVE IMPROVEMENT IN RELIABILITY OF

A LAND FARM OVER 4 LAND FILL.

Ay 18 THE 1MPROVEMENT OF AN INCINERATOR OVER A LAND FARM,

Cot by =Gt

(Nore: Py MUST ALMAYS BE POSITIVE, 1.E., HIGHER COST CASES MUST WAVE LOWER LIABILITY EXPECTATION,)

THIS CAN SE SOLVED FOR ALL COMBINATIONS OF COST AND LIABILITIES TO FIND THE RANGE OF DECISION
VALUES OF Py FOR EACN CONBINATION OF ALTERNATIVES, 1.£., MINE CONDITIONS FOR EACH COMPARISON OF

ALTERNATIVES,
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TRLE 7

STEP 2 Rerative Lixerivoon oF Costs AND LIABILITIES ANALYSIS (CONTINUED)

IF INFORMATION ON THE RELATIVE LIKELIHOOD OF COSTS ARE AVAILABLE, THEN AN AVERAGE COST
CALCULATION COULD BE TRIED.

G = Bpaly *+»ipCp *+ B3l 3 wmere )] +B;p +Ry3 =11

A SECOND METHOD IS TO ORDER THE NINE CALCULATIONS IN ORDER OF THEIR RELATIVE LIKELIHOOD
WITH A CALCULATION BESIDE EACH SHOWING THE RELATIVE LIKELIHOOD.

THIS CAN ALSO BE DONE FOR LIABILITIES, SUCH THAT

L= by repplpp Hepsl s WHerE ¢y v g v g3 = T

THEN, WHEN ORDERED BY RELATIVE LIKELIHOOD, THE ORDER IS CALCULATED BY BIJCKL'

TABLE 8
ANALYSIS 3

WHAT 1F? ANALYSIS

THE COSTS OR OPPORTUNITIES INVOLVED IN SELECTING AN ALTERNATIVE I BASED UPON MORE
FAVORABLE CONDITIONS FOR ALTERNATIVE, K (SEE ANALYSIS 1),

WIC o = Gy = G- Ly - L) + Omeer Costs, 1F any.

THERE ARE NO PROBABILITIES INVOLVED SINCE THE SCENARIO HAPPENS,

BUT, ONLY THOSE COMBINATIONS MADE FEASIBLE

THERE ARE 9 X 6 = SU SUCH COMBINATIONS,
Moreover,

BY A CHANGE IN REGULATORY CLIMATE OR SITING CLIMATE SHOULD BE INVESTIGATED.
AFTER A SPECIFIC ALTERNATIVE IS CHOSEN, THE WHAT IFS REDUCE To 9 x 3 = 27,
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In each case, the studies which were undertaken
were relatively imprecise estimates made by
knowledgeable personnel with a minimum of
expended resources for acquiring data. The
subsequent manipulation of the data was to
extract the maximum available Information from
it. The indifference analysis provided the
decision point where the probability estimates of
scenarios could be ascertained.  Emerging
dominant strategies force a decision. In other
cases, the final choice, involving the propensity
for risk of the decision maker, is presented in
decision-making terms which decision makers at
all ievels can understand.

The dominant feature of the approach is to
focus, very early, on the critcal decision factors
and only obtain bottom-up type data for the
UND conditions to a iimited level of precision
and aiimited data gathering effort. The use and
manipuation of data for maximum information
for the decision is stressed rather than acquiring
data before its utility in the decision process is
ascertained. Gathering precise data s
expensive, manipuating small amcunts of
imprecise data is not.

A major advantage of the approach is that it
forces the decision analyst to cominunicate with
the decision participants in mutualiy
understandable ianguage. This is accomplished
by developing understandable, mutually exclusive
and collectively exhaustive, and descriptive,
scale values, outcome scenarios, alternatives,
and probability assignments. This process Is
built in, and may be the most useful aspect of
the approach

On the other hand, the process ls designed for
organizations whose various facets have the
same objectives yet different perspectives on
how best to achieve these objectives. The
identiflcation of conflicts for outcome scenarlos
can otherwise bring out hidden agendss. For
organizations which have goal conflicts and
Internecine antagonisms, this process might be

quite upsetting.

Use of the Top Down Approach In the Defense
Department Acquisition Process

Becawse the process is top-down, Its use must be
made |n the same manner, le, starting from the
top. It will best be used at the beginning of the
acqusition In order to determine perfcrmance,
cost, and schedue requireme'.ts for all users,
many of whom may have conflicting
requirements (as oppased to conflicting agendas).
Contlicting requirements can be evidenced by
developing scenarios for different outcomes of
performance  level, schedue and cost
combtinatiors, and a range of alternatives.
Conflicting agendas may become visible, and this
may either help to provide compromises or
exacerbate the situstion,
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The top-down approach promises a better
rapport between the users, decision analyst, and
decision makers. This promise can only be
ascertained by attempting to use it on several
tests or real cases.

Footnotes

InTechnical Study and Remedial Action for
Denny Farm Site i, Aurora, Missouri" (Final
Report), Document No.: EFSR20-09-(405, TDD:
F7-8006-0i, EPA Coritract No.: 68-01-6056,
Ecalogy and Environment, Inc., September 15,
1980, p B-.

APPENDIX I

MEANING OF VALUE ASSIGNMENTS TO
CRITICAL VARIABLES

I THE REGULATORY CLIMATE FOR
WASTE STTES

The Environmental Protectlon Agency,
under RCRA, is responsible for permitting
hazardous waste disposal sites. This, in
turn, can be modifled by state and local
regulations and pressures. Three different
scenarlos exist for alternate regulatory
conditions In the future. At the present
time, the outlvok for permits Is very
confuslng and obtaining permits Is very
difficut. EPA Is in a transition status and
a permitting program with definitive
criteria does not yet exist. Obtaining new
permits under the present case ls either
difflcult or non-existent.

CASE A: Optimistic Outlook

comes out, in the very near future,
with reasonable regulations and criteria for
obtaining permits for hazardows waste
sites. The criteria may be exacting and
sometimes difficut to achieve, but the
means for meeting the criterla are
unambiguous and straightforward and,
when met, permits are issued. Permitting
coud even be easier to obtain than
Indicated above, le., the climate coud be
even more optimistic, but this woud not
hh:: much affect on the decision criteria

US

CASE B: Less Pessimistic Outlook

reguations on permits and criteria for
obtaining permits arc issued, but the means
for meeting the criteria are ambiguows,
hard to predict, lengthy, and unduly subject
to public and other pressures. Permits can
be obtained, but the predictability of when,
and under what conditiors, permits are
issued Is uncertain. Howewver, the
reguatory dimate is improved crer the
present situation.
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CASE C: Pessimistic Outlook

The present situation continues. Permits
are nearly impossible to obtain and the
confused conditions remain, at lea.:, for
the next few years.

COST ESCALATION OF CONTRACTOR
DISPOSAL FEES

Contractor disposal fees are bound to
escalate when there Is inadequate capacity
for disposal, such as at present. Unless the
disposal field becomes intensively
competitive for wastes of the type the
company produces, it is unlikely that
contractor costs for disposal will be
reduced.

CASE a: High Cost Escalation

Costs sposal escalate at rates which
are increasing fast enough to cffset the
investment costs in the high technology
operation. At the present status of this
study, the investmert and operating costs
have not yet been ascertained, nor are the
present escalation rates greater than 50%
per year, However, this scenario accepts
that upon completion of cost studies
escalation will exceed the high technology
investment costs, making such lnvestment
feasible on an economic basls alone.

CASE bt Moderate Cost Escalation

The costs escalate at a rate more than
enough to offset the costs of Investment
and operation for a company land fill
operation {cost yet to be determined), but
not nearly enough to offset the high
technology case.

CASE C: Low Cost Escalation

costs escalate at or near the Inflation
rate. This is quite different than present
trends.

ENVIRONMENTAL DAMAGE AND LIABLLITY

Whether at a contractor site or a company
site, accidents or leaks occur requiring
remedial action, flnes, and/or llabillty
cdaims.
CASE &  High Environmental Impact
Occurs
K major off-site leak or accident occurs
which represents a serious departure from
rements. Cosdy remedial actlons,
filnes, and liabillty for the off-site public
may be Involved. In addition, negative
publicity may affect corporate image and
may resut .n site closure or restrictions.

CASE li Moderate Environmental Impact

urs
Teals and accidents occur on-site with
minor off-site problems. Remedal actiors
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may be necessary and fines may be levied,
but liability woud be minimal. Adverse
publicity and pressures on site operation
might occwr.

CASE iii: Negligible Environmental Impact
Occurs

The site performs to requirements and all
accidents and leaks are retained on-site,
using normal procedures. Problems occur,
but are within the normal scope of
operations.

SITE CLOSURE SUSCEPTIBILITY

This variable is important, but only
becomes critical after the first three
variables have been determined. There are
two  cases: susceptible and less
susceptible. Some of the reasons for
closure are regulatory changes, loss of
permit, strikes, public pressure for closure,
and capacity limit reached. For each of
these reasons the choices of Level | and 2
decisions become more or less susceptible
to dosure,  Only differences among
alternatives need be considered.

TRANSPORTATION OF WASTES

Transportation of wastes, some of which
may be hazardous, becomes a problem in
only two respects () Interruption of
transportation by state or local
governments, strlkes, etc.,, and (2) long
distances to travel which provide exposwre
for accidents and higher trarsportation
costs. The basis of the transportation
decision factors is whether there are single
or multiple waste sites and their locatlons.
The comparative transportation problem ls
made by comparing the distances and
routes among the technical alternatives
and determlning the relatlve differences In
distance and locallties and state lines
crossed, The risks of transport per mile
are low, but can be assessed as an
additional parameter for consideration as
will the costs.




